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468a Tuesday, February 10, 2015monomers, each of which has its own water pore. AQP0 water conduction is
regulated by pH, Ca2þ concentration, and the phosphorylation of Serine resi-
dues at the C-terminal. High cellular Ca2þ concentration enhances the binding
of Calmodulin (CaM), a Ca2þ dependent protein, to AQP0 from cytoplasm.
Molecular Dynamics (MD) simulations performed to investigate the effects
of two Calmodulin binding to AQP0 tetramer revealed free energy barriers
up to 6 kcal/mol for water conduction. MD simulations also exposed three
distinct locations, where the water molecule’s pathway changes between
AQP0-CaM model versus AQP0 open model.
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The structural characterization of membrane-associated proteins on fluid lipid
bilayers remains a challenge in structural biology. Neutron reflection (NR)
from engineered planar interfaces has emerged as a method that provides sub-
nanometer resolution of protein-membrane complexes in a functional lipid
environment. Interpretation of NR data gives a scattering length density
(SLD) envelope, which describes the distribution of protein density normal to
the membrane. A full interpretation of the SLD profile requires knowledge of
the internal structure of the protein. However, for intrinsically disordered protein
regions, multiple conformational states contribute to an SLD density profile that
cannot bemappedback to a single structure.A completemolecular interpretation
then requires sophisticated modeling approaches. Molecular Dynamics (MD)
simulations are a well-established tool for studying the structure and dynamics
of biomolecular systems, including protein-membrane complexes. We previ-
ously used MD simulations to refine NR results beyond the limits of scattering
resolution. However, such studies are often plagued by long equilibration times.
To better interpret the limited structural information from NR, we designed an
algorithm that implements a potential to bias MD simulations toward configura-
tions that reproduce the experimental results. The potentials are determined by
comparing experimental SLD distributions with time-averaged profiles from
the molecular simulations. These are converted into steering forces that become
weaker as the resulting simulation profiles match the experimental results more
closely. This results in guiding the structure toward the desired configuration,
rather than rigidly confining it to the experimental density. Here we show appli-
cations of this method to model peptides and small protein systems.
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Accurate and timely protein degradation is a vital cellular process. Protein
degradation is performed by the 26S proteasome complex, a large multi-
subunit molecular machine that recognizes, binds, and degrades protein sub-
strates covalently bound to poly-ubiquitin tags. The 26S proteasome, which
recognizes ubiquitin tags through its subunit Rpn10, has a preference for bind-
ing K48-linked tetra-ubiquitin chains. However, Rpn10 and its homologs usu-
ally have only one or two ubiquitin binding sites, located on their long and
flexible C-terminal arms. Here, to examine the role of Rpn10 in the 26S protea-
some preference for tetra-ubiquitin tags, we perform molecular dynamics sim-
ulations of Rpn10 bound to mono-ubiquitin and poly-ubiquitin chains. To
overcome timescale and sampling limitations, we use a combination of a hybrid
model force field (PACE) and temperature replica exchange molecular dy-
namics (T-REMD) simulations. The performed simulations characterize in
detail Rpn10 binding to its ubiquitin partners and identify transient contacts
that could stabilize Rpn10 (and 26S proteasome) binding to poly-ubiquitin
chains. Our results demonstrate at atomic resolution how the flexible Rpn10
subunit contributes to the recognition of poly-ubiquitin tags.
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Huntington’s disease is a neurodegenerative disease characterized by mutations
causing polyglutamine (polyQ) repeats in proteins. Mutated proteins misfold,
aggregate, and form amyloid-like fibrils in the neuron. Experimental techniques
such as resonance Raman, circular dichroism, and ssNMR are used to analyzeproperties of polyQ systems, but lack the ability to monitor the molecular ag-
gregation mechanism. In this work, polyQ peptide monomers and dimers are
studied using molecular dynamics (MD) methods in order to better understand
early stages of aggregation. We have characterized the monomeric conforma-
tional ensemble of D2Q10K2 peptides in aqueous and protein-globule environ-
ments. We also investigate dimerization properties of these peptides. Adaptive
biasing force paired with MD is used to evaluate the dimerization free energies
and conformations of D2Q10K2 peptides. Classical MD is used to simulate the
favorable dimeric conformations in equilibrium, as to better understand the in-
teractions and dynamics of these structures. These results will be presented and
discussed.
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The prokaryotic protein FtsZ plays an important but poorly understood role in
bacterial cell division. Prior research has shown that GTP-bound FtsZ polymer-
izes in a ring-like structure called the Z-ring at the cell-septum site, where di-
vision occurs. The de-polymerization of the Z-ring upon hydrolysis of GTP
provides the mechanical forces needed for cell division. The present study
explored the hypothesis that polymerization of GTP-FtsZ is inhibited at high
pressures_preventing bacteria from dividing_and so explains the observed
morphological differences between bacteria samples grown at standard and
high pressures, respectively. We have computed Gibbs free energy difference,
DG, between monomer and dimer forms of GTP-FtsZ from Methanococcus
Jannaschii using molecular dynamics simulations. Our results suggest that
the difference in Gibbs free energy between the monomer and dimer states
of GTP-FtsZ decreases with pressures suggesting that the de-polymerization
of FtsZ is enhanced at high pressures. Furthermore, we find that DG first de-
creases slowly with pressures and then drops drastically hinting at a critical
pressure value Pcrit, beyond which depolymerization of FtsZ is significantly
more likely. Our simulation studies corroborate well with experimental results
of enhanced filamentation of bacterial cells at high pressures.
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The Nucleosome Core Particle (NCP) is the fundamental unit of DNA pack-
aging in eukaryotic cells. It consists of ~147 base pairs of DNA that are wrap-
ped around an octameric protein core. Despite extensive experimental and
theoretical work, the detailed physical mechanisms of important processes
such as nucleosome opening, NCP-NCP interactions, and chromatin folding
are not fully understood. Atomistic molecular dynamics (MD) simulations
can in theory be a useful method to study these processes, however the time-
scales accessible to MD simulations are too short to explore these mechanisms.
Therefore, we have used all-atom MD simulation data to derive a new Coarse-
Grained (CG) model of the NCP. In this model, NCP residues are modeled us-
ing spherical beads centered on the DNA phosphorus and protein a-carbon
atoms. DNA is represented by two types of beads that distinguish between
base pairs (i.e. A-T and C-G), whereas protein residues are divided into two
types based on their structure (i.e. a-helices and coils/loops). Force field param-
eters were derived using a hybrid approach of the iterative Boltzmann inversion
method for bonded parameters, and Force Matching for non-bonded parame-
ters. Our CG model significantly speeds up NCP simulations, and is expected
to be useful in examining nucleosome opening, NCP-NCP interactions, and
chromatin folding. Moreover, it is capable of reproducing the structural prop-
erties of the underlying atomistic system.
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We use molecular dynamics simulations to study the process of assembly of M2
into clusters and the subsequent induction of negative curvature on model lipid
membranes leading to the process of budding and scission observed experimen-
tally (Rossman et. al., Cell 142, pp. 902-913, 2010). Systems under study are
represented with the coarse grained MARTINI forcefield, with lipids having
various degrees of acyl chain saturation used to represent membranes at the
Lo and Ld states. Simulations with different acyl chain lenghts are used in order
to simulate various sphingomyelin lipids in order to study hydrophobic
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characteristic Lo and Ld states combined with cholesterol are used to study
the preferential aggregation of M2 homomtetramers in the boundaries of Lo/
Ld segregated phases with preference for the Ld lipid. The coarse grained rep-
resentation of the protein is tested for selected simulations via backmapping
into the atomistic OPLS forcefield, used to check the induced curvature effects
of a few systems of interest.
Last, we show how these simulations may be used in order to estimate coverage
fractions, i.e. the number of M2 homotetramers required to induce the process
of budding at the biological scale.
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Next-generation far-red emitting fluorescent proteins (FPs) with enhanced fluo-
rescence quantum yields and high photostability are highly desirable. They
would enable deeper tissue penetration and lengthened imaging times given
a lower autofluorescence background, lower light scattering, and higher trans-
mission beyond 650 nm. The farthest red emitting FP engineered to date is
TagRFP675, which has a 77 nm Stokes shift. The red emission of TagRFP675
is attributed to several H-bonding contacts involving Q41 and S28 at the N-acy-
limine position with additional H-bonds at the phenoxy end of the chromophore
with N143, N158, and R197.We used molecular dynamics (MD) simulations to
explore the relationship between flexibility of the chromophore environment
and the large Stokes shift in TagRFP675 and related variants mKate and its
mutant mKate-M41Q. Both TagRFP675 and mKate-M41Q have large Stokes
shift as compared to mKate. Analysis of the hydrogen bonds around the chro-
mophore reveal that in both TagRFP675 and mKate-M41Q have an extended
hydrogen bond network connecting Q106-water-F65-Q41-S28 whereas in
mKate, this network does not extend beyond F65. The water molecule involved
in the hydrogen bond network shows significantly larger flexibility and
mobility in TagRFP675 as compared to mKate-M41Q, highlighting the role
of the chromophore environment for large bathochromic shifts.
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The biomaterial chosen for the design of the scaffold is poly (lactic) acid (PLA),
this type of polyester together with poly(glycolic) acid (PGA) and Poly(lactic-
co-glycolic) acid (PLGA) are widely used in tissue engineering because of their
ability to tailor mechanical properties, degradation kinetics and also because its
morphology and shape that can be easily manipulated in order to improve osteo-
conduction and osteoinduction. It is important to emphasize that this biopolymer
can be found as a racemicmixture. In vitro degradation experiments showed that
stereochemical composition has an important role on the rate of degradation,
concluding that L(þ)-PLA degrades much better that D(-)-PLA.
The common process of biodegradation of this type of synthetic polymers is hy-
drolysis of its ester bonds producing lactic acid. Then this product enters the
tricarboxylic acid cycle generating water and carbon dioxide which are non-
toxic products present in human body. It is important to highlight that the scaf-
fold degradation process should occur at the same rate of new bone tissue
proliferation and the scaffold should keep its mechanical functionality during
all the procedure. Previous experiments showed that the width of the
biopolymer is directly proportional to the rate of hydrolysis. This is because
water molecules can spread quicker throw all the scaffold if it has a wide sur-
face instead of a folded one. Another aspect to consider is the molecular weight
and the Young module of the material which determines the degree of elasticity
of the bone-scaffold system. Here we report the use of molecular dynamics
simulation to estimate several of these parameters from the data generated
from these simulations. For instance, we address the solvent accessibility of
the polymer and how it changes during the degradation process.
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Selective serotonin reuptake inhibitors (SSRIs) are a rationally designed class
of antidepressants which act via inhibition of the serotonin transporter (SERT),
resulting in increased serotonin concentrations in the synaptic cleft. This groupof drugs is thought to be selective for SERT rather than norepinephrine and
dopamine transporters (respectively NET and DAT).
We used a computational approach to determine the drugs with the highest af-
finity and selectivity for SERT. We used molecular docking, energy minimiza-
tion, molecular dynamics simulations and umbrella sampling to estimate the
Gibbs binding free energy for each protein-drug complex.
Our results qualitatively agree with corresponding experimental data. Among
the SSRIs we studied, paroxetine has the highest affinity for SERT and NET,
and sertraline for DAT. Our results confirmed the selectivity of this class of
drugs for SERT rather than NET and DAT. We found citalopram was the
most selective drug for SERT in this class.
These results can be used for future studies on designing SSRIs with higher af-
finity and selectivity.
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The regulation of copper levels is central to physiology. Mutations in the
ATP7B copper transporter are known to lead to Wilson’s disease in humans.
How these mutations lead to the disease is not fully characterized at a molecular
level. An excellent model system for exploring the changes in structure and dy-
namics for Wilson disease mutations for the ATP binding domain is provided
by CopB from A. fulgidus. This domain has high sequence similarity with the
P-, N-domains and hinge regions of ATP7B. Mutations to each region have pre-
viously been characterized by in vitro experimental measurements such as
ATPase assays and intrinsic tryptophan fluorescence. In this presentation we
highlight a net ~5 ms of implicit and explicit solvent simulations conducted
on the National supercomputer resource XSEDE (Stampede, Kraken, Keene-
land and Lonestar) of the CopB wild-type and 13 Wilsons disease mutations
found across each of these three regions. Solvent accessible surface area mea-
surements, H-bonds analysis and schlitter entropy calculations showed that the
mutations induced changes in the dynamics of the Closed conformations of
CopB with respect to the Open structure revealing conformational transitions
at different rates about the hinge region. While the mutations in the P and
N-domains caused mild to moderate deviations with respect to the WT, the mu-
tations in the Hinge region caused significant deviations. The results shed new
light on how the disease mutations impact on conformational change, on ATP-
binding, and on phosphorylation within these domains.
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Microbial resistance is a major challenge in antibiotic development. Newer
generation macrolide antibiotics avoid efflux and drug metabolism-based resis-
tance mechanisms, yet ultimately succumb to resistance due to modification of
their target, the 50S subunit of the ribosome. Site-Identification via Ligand
Competitive Saturation (SILCS) harnesses the power of force field-based sim-
ulations to map the functional group affinities of a protein or any other macro-
molecule and has demonstrated its ability to identify classes of protein-ligand
interactions that are observed in crystal structures. Recently, the use of Grand
Canonical Monte Carlo/MD (GCMC-MD) simulations for SILCS has shown
that solute molecules inserted into an occluded binding pocket yield satisfac-
tory overlap with known crystallographic ligands. Hence, the SILCS GCMC-
MD method has been applied to the macrolide binding pocket of the E. coli
50S ribosomal subunit. Simulations were performed using the small molecules
benzene, propane, formamide, acetaldehyde, acetate, methylammonium, imid-
azole, and methanol. From these simulations, 3D probability maps for the frag-
ment types (FragMaps) were calculated. Comparison of the FragMaps with the
binding modes of known crystallographic macrolide antibiotics showed good
agreement, especially the overlap of aromatic fragment maps presumably
due to the hydrophobic nature of macrolide antibiotics. Notable is the ability
of the FragMaps to capture the flexibility of telithromycin’s alkyl-aryl chain
(ARM) from various crystal structures. Future extensions of the SILCS meth-
odology to the ribosome will focus on addressing A2058-based modifications
for drug design.
